Menaquinones were the only isoprenoid quinones found in 40 strains representing I9 species of Actinomadura, Microbispora rosea, Microtctrasporu glauca, Microtctrasporu niwoulbu, Nocardiopsis dassoncillei and Streptomjices somuliensis. The Nocardiopsis dassonrillei st rains had a characteristic profile consisting of major amounts of di-, tetra-, hexa-and octahydromenaquinones with ten isoprene units and were thereby distinguished from all of the other test strains which contained complex mixtures of hydrogenated menaquinones with nine isoprene units. The latter strains were divided into three groups based upon the predominant isoprenologue detected : (1) Actinomaduru citren, A . coeruleu, A . helrata, A . libunotica, A . lirida, A . luteojhorescens, A , madurae, A . muluchiticu, A . iwrucosospora and Strepromj-ces somuliensis contained hexahydrogenated menaquinones with nine isoprene units; (ii) A . pelletieri and A . spadix contained octahydrogenated menaquinones with nine isoprene units and (iii) ' A . coeruleoriolacea', A . .ferruginea, A . pusilltr, A . roseola, A . roseoriolacea, A . rubra, A . salmoneu, A . sp iralis , Micro b ispo ru rmea , Micro re I rusporu glu i m , and A4 . n izwmlhu con t a i n e d tetra h y d rog enated menaquinones with nine isoprene units. The results show that menaquinone profiles are of value both in generic and sub-generic classifications of Actinomudura. They also suggest that some species of Microbispora and Microfetruspora are closely related to Actinomadura, a result in line with other trends in the taxonomy of these organisms.
the description of the genus Actinumadura in order to prevent it becoming a repository for wallchemotype I11 sporoactinomycetes of uncertain affinity.
It is now well established that menaquinones (vitamin K2), 2-methyl-3-polyprenyl-1,4naphthoquinones, show structural variations in the length and degree of hydrogenation of the polyprenyl side chain. These structural variations have been successfully exploited in both classification and identification of Gram-positive bacteria (Collins & Jones, 198 1) . Actinomycetes can be divided into several groups on the basis of menaquinone composition (Yamada et al., 1976 (Yamada et al., , 1977a Collins et al., 1977; Minnikin et al., 1978; Minnikin & Goodfellow, 1980) . Indeed, menaquinone data can be used to separate nocardiae, with the exception of Nucardia amarae (Goodfellow et al., 1982) , from all other mycolic acid-containing taxa (Minnikin & Goodfellow, 1980; Goodfellow & Wayne, 1982) . Little attention has been paid to the menaquinone composition of actinomadurae though it has been shown that A . madurae and A . pelletieri contain major amounts of tetra-and hexahydrogenated menaquinones with nine isoprene units, abbreviated as MK-9(H4) and MK-9(H6) respectively, whereas, in contrast, Nocardiopsis dassondei strains have major proportions of MK-10(H2), MK-lO(H,) and MK-10(H6) (Yamada et al., 1976 (Yamada et al., , 1977a Collins et al., 1977) .
In the present study, representatives of 19 species of Actinomadura and marker cultures of Microbispura, Microtetraspora, Nocardiopsis and Streptomyces somaliensis were examined to determine the value of menaquinone composition in the classification of Actinomadura and related taxa.
M E T H O D S
Culfures. The test strains (Table 1) were maintained on glucose/yeast extract agar slants (Gordon & Mihm, 1962) at room temperature and on Bennett's agar (Jones, 1949) at 4 "C. Suspensions of spores or mycelial fragments were also stored in glycerol (20"/, w/v) at -20 "C (Wellington & Williams, 1979) . Names in inverted commas are not on the Approwd Lisrs qfBacterial Names (Skerman et af., 1980) and have not been validly published since January 1, 1980.
Cultiration. With a single exception of A . helrata A5, the strains were grown in shake flasks of nutrient broth (Oxoid CM3) for 7 to 10d at 30°C. At maximum growth, cultures were checked for purity, killed with formaldehyde (1 x, v/v), harvested by centrifugation, washed with distilled water and freeze-dried. Acrinornadura hehata A5 could not be grown in liquid culture and thus was cultivated on glucose/yeast extract agar plates for 10 d at 30 "C when growth was scraped into universal bottles containing sterile water and the suspension treated as above.
Exrracrion and pur$cation of isoprenoid quinones. These were extracted by a modification of the method of Kroger ( I 978) which forms the first part of an integrated lipid extraction procedure currently under development Dried biomass samples (50 mg) were suspended in 2 ml volumes of aqueous methanolic NaCl (10 ml 0.3"j,, wjv, aqueous NaCl in 100 ml methanol) in 10 ml tubes sealed with PTFE-lined screwcaps, mixed with 2ml volumes of petroleum ether (b.p. 60 to 80 "C) and gently agitated on a mechanical tube rotator for 15 min before being centrifuged for 5 min. The upper petroleum ether layer, containing the extracted isoprenoid quinones, was transferred to a small vial and the extraction procedure repeated using a further 1 ml petroleum ether. The two petroleum ether fractions were then pooled and evaporated to dryness under nitrogen and stored at -25 "C.
Crude isoprenoid quinone extracts were purified by preparative thin-layer chromatography (TLC) on plasticbacked silica gel sheets (Merck 5735) with petroleum etheriacetone (95 : 5. v/v) as developing solvent. Separated isoprenoid quinones were detected with short wave U V rays (254 nm) using a standard extract, containing both menaquinones and ubiquinones, from a strain of Escherichia coli. Purified isoprenoid quinones were extracted from the TLC plates by two consecutive applications of anhydrous diethyl ether (1 ml). The pooled extracts were passed through small columns of cotton wool, collected in small vials, dried under nitrogen and stored at -25 "C.
Reverse phase TLC and mass spectrometry. Purified menaquinones were dissolved in petroleum ether and small portions of the extracts examined by reverse phase partition chromatography using Merck 13724 HPTLC RP-18FZs, thin-layer plates (10 x 10 cm) and a polar developing mixture of acetone/water (99: 1, v/v; Collins et al., 1980) . Separated components were detected under UV rays (254 nm) using extracts from Curynebacterium diphtheriae PW8 and Mycohacterium arium D4, which contain predominant amounts of MK-8(H2) and MK-9(HJ respectively (Collins et ai., 1977) , as markers. Mass spectra of the remaining portions of the isoprenoid quinone fractions were recorded on an AEI MS9 instrument using a direct insertion probe. an ionizing voltage of 70 eV and a temperature range of 200 to 220 "C. 
Streptomyces somaliensis
No. of strains 
R E S U L T S A N D D I S C U S S I O N
Extracts of all the test strains contained menaquinones which co-chromatographed with standards of vitamin K . On examination by UV spectroscopy the isoprenoid quinones displayed absorption maxima at 242, 248, 260, 270 and 326 nm in accordance with published data for vitamin K, (Dunphie & Brodie, 1971) . The most intense peaks in the mass spectra of the menaquinone samples occurred at rnje 187 and 225 and were derived from the naphthoquinone nucleus. The mass spectra in the high mass region contained strong peaks corresponding to molecular ions, [MI +, with smaller peaks at [M-l5]+, corresponding to the loss of a methyl group from the molecular ions. Details of the mass spectral analysis can be found in Tables 2 to 5. The mass spectral data were confirmed by those from the corresponding reverse phase TLC analyses.
Actinomadurae contained complex mixtures of hydrogenated menaquinones with nine isoprene units and it was possible to assign them to three groups based upon the major isoprenologue detected (Tables 2 to 5). Strains representing the same species contained the same major component but differences in the minor components were observed. The A . rnadurae and Table 3 . Peaks corresponding to molecular ions in the mass spectra of menaquinones from organisms having octahydrogenated menaquinone main components with nine isoprene units
The main component in each series is denoted by + + + , any other component greater than 50% of the main peak by + +, and all other significant components by + . A . pelletieri strains had M K -9 ( H 6 ) and M K -9 ( H 8 ) as their respective predominant isoprenologue, results in accord with those from earlier studies (Yamada et al., 1976 (Yamada et al., , 1977a Collins et al., 1977) . Essentially similar menaquinone profiles to those of A . madurae, the type species of the genus, were found for A . citreu, A . coerulea, A . helcata, A . libanotica, A . livida, A .  luteofluorescens, A . malachitica, A . verrucosospora and Streptomyces somaliensis ( Table 2) . However, more detailed studies of the major isoprenologues of A . madurae (Aoki et al., 1980; Yamada et al., 1982) and streptomycetes (Batrakov & Bergelson, 1978) , based on gas chromatography-mass spectrometry of the compounds, have revealed that the M K -9 ( H 6 ) component from A . madurae is hydrogenated in the second, third and eighth position 111, VIII H6)] while the streptomycetes have MK-9 (11, 111, IV H6) . In addition, S. somaliensis strains, like other streptomycetes, can readily be distinguished from actinomadurae as they have a wall-chemotype I (Becker et al., 1965; Lechevalier & Lechevalier, 1970a, b) . The recovery of A . citrea and A . rnalachitica strains in the A . madurae group is interesting as strains in these taxa have many properties in common (Alderson & Goodfellow, 1979; Goodfellow et al., 1979; Goodfellow & Pirouz, 1982) . The six A . pelletieri strains, with major amounts of MK-9(H8) and substantial amounts of MK-9(H6), gave almost identical menaquinone profiles (Table 3 ) which serve to distinguish them from all of the strains apart from A . spadix. Although Yamada et al. (1977 b ) have reported the presence of MK-9(H6) as the major isoprenologue in A . pelletieri A19, the results of the present study are in good agreement with those recorded by Collins et al. (1977) . Actinomadura pelletieri and A . madurae have many chemical properties in common (Lacey et al., 1978; Alderson & Goodfellow, 1979) but can be readily separated in numerical phenetic studies (Tsukamura, 1969; Goodfellow et al., 1979; Williams et al., 1983) . It is, however, possible that the slow and sometimes poor growth of A . pelletieri on test media makes numerical taxonomy a less than suitable technique for establishing the detailed affinities of this taxon. Numerical phenetic studies have shown a consistently high similarity between A . pelletieri and S . somaliensis (Alderson & Goodfellow, 1979; Goodfellow et al., 1979; Goodfellow & Pirouz, 1982) but the menaquinone profiles of these strains (Tables 2 and 3) show that these taxa can be readily distinguished from one another.
Representatives of ' A . coeruleoviolacea', A . ferruginea, A . pusilla, A . roseola, A . roseociolacea,  A . rubra, A . salmonea, A . spiralis, Microbispora rosea, Microtetraspora glauca and Microtetraspora niiieoalba all had similar menaquinone profiles with MK-9(H4) as the major isoprenologue ( Table 4 ). The similar results obtained with Actinomadura, Microbispora and Microtetraspora are in accord with data from numerical phenetic studies which have shown representatives of these taxa to be closely related (Williams & Wellington, 1981 ; Goodfellow & Pirouz, 1982) .
The menaquinone composition of the Nocardiopsis dassonuillei strains was very different from that of all of the other organisms examined. These strains contained major amounts of either MK-lO(H,) or MK-10(H6), with substantial proportions of MK-lO(H,) and MK-1O(H,) being found in some of the strains ( Table 5 ). These results are in good agreement with those from previous analyses (Collins et al., 1977; Yamada et al., 1977b) and help to underline the differences between the genera Actinomadura and Nocardiopsis (Lacey et a/., 1978; Williams & Wellington, 1981) . It will be interesting to see whether menaquinone analyses support the suggestion (Preobrazhenskaya et al., 1977) that A . africana, A . coeruleojusca and A . longispora be transferred to the genus Nocardiopsis. Thermomonospora strains also contain major amounts of hydrogenated menaquinones with ten isoprene units but MK-10(H8) is usually the main component and substantial amounts of MK-I l(H6, H, and HIo) are also present (Collins et a/., 1982) .
The menaquinone data support the integrity of the genus Actinomadura, and help to distinguish it from some actinomycetes with a wall-chemotype 111, such as Dermatophilus, Nocardiopsis and Thermomonospora (Collins & Jones, 1981 ; Collins et al., 1982) but not from other wall-chemotype I11 strains, namely Microbispora and Microtetraspora. It is also interesting that similar menaquinone patterns to actinomadurae have been found in the few streptomycete strains examined (Minnikin & Goodfellow, 1976; Collins & Jones, 1981) . It is possible that further data of taxonomic value may be obtained if the complex mixtures of menaquinones found in actinomadurae and related strains were analysed quantitatively.
